In this paper, we propose to enhance the modulation spectrum of the spectrograms for speech signals via the technique of non-negative matrix factorization (NMF). In the training phase, the clean speech and noise in the training set are separately transformed to spectrograms and modulation spectra in turn, and then the magnitude modulation spectra are used to train the NMF-based basis matrices for clean speech and noise, respectively. In the test phase, the test signal is converted to its modulation spectrum, which is then enhanced via NMF with the basis matrices obtained in the training phase. The updated modulation spectrum is finally transformed back to the time domain as the enhanced signal. In addition, we propose two variants for the newly method in order to possess relatively high computation complexity One is to consider the several adjacent acoustic frequencies as a whole for the subsequent processing, and the other is to process the low modulation frequency components. These new methods are validated via a subset of the Aurora-2 noisy connected-digit database. Preliminary experiments have indicated that these methods can achieve better signal quality relative to the baseline results in terms of the Perceptual Evaluation of Speech Quality (PESQ) index, and they outperform some well-known speech enhancement methods including spectral subtraction (SS), Wiener filtering (WF) and minimum mean squared error short-time spectral amplitude estimation (MMSE-STSA).
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